###### Strengths and limitations of this study

-   Population-based study of all index coronary angiograms performed between 2000/2001 and 2008/2009 within a universal healthcare system.

-   Study of differences in coronary angiography between First Nations and non-First Nations populations in Canada are novel.

-   Investigation of angiography use trends among First Nations and non-First Nations populations is multifaceted by addressing three objectives.

-   Retrospective analysis of administrative data is unable to identify clinical appropriateness of the angiograms performed but can identify differences in rates.

-   Crude rates of index angiography reported, which did not adjust for demographic or clinical differences between the two populations.

Introduction {#s1}
============

Globally, ischaemic heart disease (IHD) remains the single most frequent cause of mortality.[@R1] While still responsible for approximately 13% of deaths in Canada in 2013, rates of IHD deaths have been decreasing.[@R2] This trend is due to multiple factors, including reduction of risk factors, advances in evidence-based medical therapies, such as statins and revascularisation procedures, such as percutaneous coronary intervention (PCI) and coronary artery bypass graft (CABG) surgery.[@R3] Despite these improvements, First Nations (FN) populations in Canada have a higher burden of IHD[@R8] and have not experienced the same rate of reduction in mortality over the last few decades.[@R10] In this article, our goal is to advance an understanding of cardiac health disparities reported among FN peoples in Canada by presenting the first phase of a larger study focused on heart health among FN people living in Manitoba, Canada.

Conventional risk factors such as obesity, hypertension, atherosclerosis, diabetes, smoking and diet,[@R8] are most often cited as causes of cardiovascular health outcomes among FN populations. These risk factors are often attributed to individuals and their lifestyle choices rather than the persistent effects of colonisation and related impacts on health and health services.[@R15] Racial differences have also been demonstrated in rates of important cardiovascular therapies, such as surgery and medications.[@R16] Assessing the state of the coronary arteries through an initial angiogram is an important component of cardiovascular care to inform treatment decisions to manage IHD symptoms.[@R18] This procedure reveals the presence and severity of vascular occlusion among coronary arteries, informing the potential need for and feasibility of revascularisation procedures. It can be performed on an elective basis, such as in patients with suspected IHD, or urgently, such as when hospitalised for an acute myocardial infarction (AMI).

Two recent Canadian studies revealed lower rates of angiography following an AMI in FN patients when compared with non-FN counterparts.[@R11] However, among patients who received an angiogram, there was no difference between the two groups in the likelihood of undergoing PCI or CABG.[@R19] Therefore, the initial decision to perform an angiogram may play a significant role in cardiovascular health disparities between FN and non-FN people who experience an AMI. In the USA, the complex pathways of causation and clinical decision-making in terms of cardiac care have been investigated, and findings consistently indicate racial disparities in access to treatment.[@R20] Given evidence of racialised differences in receiving an angiogram and knowing that angiograms are performed at times unrelated to an AMI investigating population-level angiogram use may contribute important new evidence about cardiac care access, along with health services influence on cardiovascular disease (CVD) burden.

This study is part of a larger research project that investigates various health and health service use outcomes among index angiogram recipients in Manitoba. In this article, we report the results of a retrospective population-based investigation of all index angiograms among FN and non-FN recipients in Manitoba over a 9-year period (2000/2001 to 2008/2009). The three study objectives were: (1) to describe demographic and comorbidity characteristics of both FN and non-FN index angiogram recipients; (2) to investigate trends in FN and non-FN index angiogram use rates over time, including angiograms associated with a recent AMI and (3) to compare the proportions of FN and non-FN Manitobans who did not receive an angiogram, specifically among those with an IHD diagnosis or those who died from CVD. The first two objectives aimed to extend our understanding of angiography use and illustrate differences between the two groups. The third addressed a concern raised by Elders regarding racialised biases within healthcare that may result in some patients not receiving angiography despite being suitable candidates. We designed the third objective based on this concern, as well as the knowledge that previous studies demonstrate racialised referral and treatment preferences.[@R20]

Methods {#s2}
=======

Canadian and Manitoba context {#s2a}
-----------------------------

In Canada, the term 'Indigenous' commonly represents people who self-report as either First Nations, Métis or Inuit. Of the approximately 36 million people in Canada, 4% identify as Indigenous and more than half (61%) of the Indigenous population are FN.[@R26] There were 195 900 Indigenous people living in Manitoba in 2011, comprising 17% of the total provincial population, which is the largest proportion among Canadian provinces.[@R27] Approximately 58% (114 230) of the Manitoba Indigenous population are FN, of which 93% (105 820) are registered status Indians under the Indian Act.

In Canada, healthcare services are publicly funded, providing universal coverage for all medically necessary hospital, physician and specialist services. Identification of medically necessary services is made at the provincial and territory level, through consultations between government and various health professional colleges. Healthcare services for status FN peoples living on-reserve (primarily public health services and limited primary healthcare) are funded, and in many cases delivered, through federal programmes.[@R28] Meanwhile, hospital, physician and specialist services are funded by provincial governments regardless of FN status.[@R28] In Manitoba, this includes all cardiac services, and angiogram procedures are available at a tertiary hospital located in the provincial capital city of Winnipeg. Thus, all angiogram procedures provided to FN and non-FN patients in Manitoba are captured in the provincial administrative data system.

Design {#s2b}
------

This study analysed health administrative data from the province of Manitoba (population 1.3 million). The Manitoba Population Research Data Repository, housed at the Manitoba Centre for Health Policy (MCHP), contains records of all healthcare services provided through the Manitoba healthcare system, as well as a variety of datasets from other domains (ie, education, social services). Repository data remain linkable at the individual level using a scrambled identifier to ensure privacy. The specific data files used in this study included:The Manitoba Health Insurance Registry, which includes person-level demographic information and residential postal codes for virtually all Manitobans (FN and other);Hospital Discharge Abstracts, which contain information on all hospitalisations in Manitoba, including diagnoses and procedures provided (ie, International Classification of Diseases 10th Revision, Canada (ICD-10-CA) codes);Medical Services, which contains information on ambulatory physician visits in Manitoba and the associated ICD code for each visit;The Vital Statistics Mortality Registry, which includes everyone who has died in Manitoba and the primary cause of death, as well as other underlying causes or external causes of death;The Indian Registry System (IRS), which is a national database maintained by Indian and Northern Affairs Canada (INAC) and contains information on all registered treaty FN people to determine eligibility for benefits under the Non-Insured Health Benefits Program. Since ethnic information is not available in Manitoba hospital abstracts, identification of FN patients within administrative data requires linkage of the INAC Indian Status Registry with the Personal Health Information Number held by Manitoba Health;The Drug Program Information Network, which contains information on all prescription drugs dispensed from community-based pharmacies in Manitoba.

As part of a larger research project, this study is supported by an interdisciplinary research team and collaborations with FN Elders. Study approval was obtained from the University of Manitoba's Education and Nursing Research Ethics Board, the Manitoba Health Information Privacy Committee and the Health Information Research Governance Committee at Nanaandawewigamig, the First Nations Health and Social Secretariat of Manitoba (FNHSSM). The linkage of the IRS data file and Health Registry was approved through the research protocols of Assembly of Manitoba Chiefs prior to 2014 and Nanaandawewigamig FNHSSM thereafter.

Study population and cohort definitions {#s2c}
---------------------------------------

The first two objectives included all adult Manitobans (18+ years) who received an index angiogram between 2000/2001 and 2008/2009. Angiograms were identified from the Hospital Discharge Abstracts data file using specific Canadian Classification of Health Interventions procedure codes ([table 1](#T1){ref-type="table"}) and were considered 'index' if the patient had not previously received an angiogram or invasive cardiac procedure in the preceding 365 days. Index angiograms indicate entry into cardiac care services through initial assessment of coronary anatomy and are used to inform treatment decisions.

###### 

ICD and CCI procedural code definitions

  -----------------------------------------------------------------------------------------------
  Procedure/\   Codes                                                                Definition
  Condition                                                                          
  ------------- -------------------------------------------------------------------- ------------
  Angiography   CCI                                                                  

   3.IP.10      Coronary angiography                                                 

  IHD           ICD-9-CM 410                                                         

   410          Acute myocardial infarction                                          

   411          Other acute and sub acute forms of ischaemic heart disease           

   412          Old myocardial infarction                                            

   413          Angina pectoris                                                      

   414          Other forms of chronic ischaemic heart disease                       

  ICD-10-CA                                                                          

   120          Angina pectoris                                                      

   121          ST elevation and non-ST elevation myocardial infarction              

   122          Subsequent ST elevation and non-ST elevation myocardial infarction   

   124          Other acute ischaemic heart diseases                                 

   125          Chronic ischaemic heart disease                                      

  AMI           ICD-9-CM                                                             

   410          Acute myocardial infarction                                          

  ICD-10-CA                                                                          

   121          ST elevation and non ST elevation myocardial infarction              
  -----------------------------------------------------------------------------------------------

CCI, Canadian Classification of Health Interventions; ICD-9-CM, International Classification of Diseases Ninth Revision, Clinical Modification; ICD-10-CA, ICD 10th Revision, Canada; IHD, ischaemic heart disease.

Health services administrative data are ideal for investigating index angiogram recipients; however, data use can be challenging when the aim is to investigate patients who did not receive an angiogram but who may have benefited from receiving one. To address the third study objective, and the issue raised by Elders, two cohorts were formed in an attempt to identify individuals who have not received an index angiogram but in the health administrative data appeared to have cardiac health conditions. The first cohort included all adult Manitobans identified as having IHD between 2010/2011 and 2014/2015. IHD cases were identified with a validated algorithm that included patients who had: (1) one or more hospitalisations or had two or more physician visits that resulted in specific ICD-9 Clinical Modification (CM) or ICD-10-CA diagnostic codes ([table 1](#T1){ref-type="table"}) or (2) one physician visit with these codes and two or more prescriptions dispensed for medications to treat IHD symptoms.[@R29] The second cohort included all adult Manitobans who were coded in vital statistics as having died between 1984 and 2015 with a primary cause of death in the cardiovascular chapter of the ICD-10-CA diagnostic system.

Statistical analysis {#s2d}
--------------------

All analyses related to the three study objectives were done on the secure server at MCHP, using SAS statistical analysis software, V.9.4 (SAS Institute). Statistical significance for all tests was set at p\<0.05.

### Angiogram recipient characteristics {#s2d1}

Descriptive characteristics of FN and non-FN people who received an index angiogram between 2000/2001 and 2008/2009 were measured at the time of the angiogram and included: age, sex, area of residence, area-level income group (quintiles) and Charlson Comorbidity Index scores. Urban residency included those residing in Winnipeg, the only urban Manitoba setting where angiogram services are available. Rural residency included all other Manitoba areas. Income quintiles were calculated for urban and rural residence separately, using postal codes and 2006 Canadian census average household incomes, which has been used in previous research as a predictor of health and health service use.[@R30] The Charlson Comorbidity Index provided a valid measure of each patient's comorbidity status and was calculated based on ICD codes from the hospital discharge abstract and physician claims databases.[@R33] The frequencies for each condition listed in the Charlson Comorbidity Index are presented, but statistical tests for differences between groups were not conducted for this study. Differences for all other characteristics between FN and non-FN recipients were tested for significance using t-tests and χ^2^ tests.

### Index angiography trends {#s2d2}

Annual crude rates of index angiograms were calculated among FN and non-FN populations for each year from 2000/2001 to 2008/2009 along with an overall average of annual rates. Annual FN and non-FN population counts of adults 18 years of age or older as of December 31 were obtained and used as the denominators for each rate calculation. Angiograms performed within 7 days of the patient being hospitalised for an AMI were identified and categorised as urgent. An AMI was defined using the following validated definition: a hospitalisation with a specific ICD-9-CM or ICD-10-CA code ([table 1](#T1){ref-type="table"}) listed as the most responsible diagnosis and a length of stay of three or more days (unless the patient died in hospital, in which case length of stay was not relevant).[@R34] All differences in annual angiography rates and proportions of urgent angiograms between FN and non-FN populations were tested for significance using χ^2^ tests. Trends over time were analysed with linear regression models fit to the annual rates, and 95% CI were calculated around the regression slopes.

### Angiography among IHD and CVD death cohorts {#s2d3}

The IHD cohort was stratified by FN status and age (\<65, 65+ years as of 31 December 2012) and examined to determine if an angiogram was performed anytime between 1984/1985 and 2014/2015. The cohort of individuals who died from CVD were also stratified by FN status and age (\<65, 65+years at the time of index angiogram) and examined for receipt of an angiogram in the 20 years prior to death. Proportions of FN and non-FN people in both cohorts who did not receive an angiogram were compared and tested for differences using χ^2^ tests.

Results {#s3}
=======

Recipient characteristics {#s3a}
-------------------------

In total, 25 816 adult Manitobans received an index angiogram between 2000/2001 and 2008/2009, of which 1499 (5.8%) were FN ([table 2](#T2){ref-type="table"}). FN recipients were younger (56.2 vs 63.8 years; p\<0.0001), less likely to be male (58.7% vs 65.8%; p\<0.0001), more likely to reside in rural areas (75.8% vs 36.4%; p\<0.0001) and had higher Charlson Comorbidity Index scores (1.3 vs 0.78; p\<0.0001). Among rural and urban FN recipients, the proportions were highest for those living in the lowest income areas and decreased in each subsequent income quintile. Among the non-FN group, the proportions of index angiograms were more evenly distributed across the five income levels regardless of residence.

###### 

Characteristics of index angiogram patients by First Nations status (2000/2001--2008/2009)

  Characteristic                               Patient characteristic at index admission, n (%)\*   P value         
  -------------------------------------------- ---------------------------------------------------- --------------- ----------
  Age, years, mean±SD                          56.2±11.3                                            63.8±11.9       \<0.0001
  Male sex                                     880 (58.7)                                           15 989 (65.8)   \<0.0001
  Rural residency                              1108 (75.8)                                          8826 (36.4)     \<0.0001
  Average household income quintiles†                                                                               \<0.0001
   Rural 1 (lowest rural stratum)              650 (58.7)                                           1244 (14.1)     
   Rural 2                                     201 (18.1)                                           1819 (20.6)     
   Rural 3                                     103 (9.3)                                            2014 (22.8)     
   Rural 4                                     96 (8.7)                                             1961 (22.2)     
   Rural 5 (highest rural stratum)             58 (5.2)                                             1788 (20.3)     
   Urban 1 (lowest urban stratum)              229 (61.4)                                           3084 (20.0)     
   Urban 2                                     67 (18.0)                                            3190 (20.7)     
   Urban 3                                     45 (12.1)                                            3279 (21.3)     
   Urban 4                                     23 (6.2)                                             3019 (19.6)     
   Urban 5 (highest urban stratum)             9 (2.4)                                              2842 (18.4)     
  Charlson Comorbidity Index Score‡, mean±SD   1.3±1.3                                              0.8±1.0         \<0.0001
   Myocardial infarction                       123 (8.2)                                            1184 (4.9)      
   Congestive heart failure                    210 (14.0)                                           2642 (10.9)     
   Peripheral vascular disease                 82 (5.5)                                             1222 (5.0)      
   Cerebrovascular disease                     67 (4.5)                                             1065 (4.4)      
   Dementia                                    7 (0.5)                                              148 (0.6)       
   Chronic pulmonary disease                   307 (20.5)                                           3675 (15.1)     
   Connective tissue disease                   68 (4.5)                                             570 (2.3)       
   Peptic ulcer disease                        49 (3.3)                                             327 (1.3)       
   Mild liver disease                          37 (2.5)                                             217 (0.9)       
   Diabetes without complications              663 (44.2)                                           4961 (20.4)     
   Diabetes with complications                 132 (8.8)                                            438 (1.8)       
   Paraplegia and hemiplegia                   10(0.7)                                              76 (0.3)        
   Renal disease                               161 (10.7)                                           706 (2.9)       
   Cancer                                      47 (3.1)                                             1737 (7.1)      
   Moderate or severe liver disease            8 (0.5)                                              36 (0.2)        
   Metastatic carcinoma                        0 (0.0)                                              65 (0.3)        
   HIV/AIDS                                    s/s                                                  s/s             

Total counts from the rural and urban income quintiles do not equal the total count of angiograms because some incomes could not be found.

\*Unless otherwise indicated.

†Percentages are calculated for rural and urban areas separately.

‡Statistical comparisons were not conducted on each condition used in the Charlson Comorbidity Index Score calculation.

s, suppressed due to small cell size (n≤5).

Trends in angiogram and urgent angiogram rates {#s3b}
----------------------------------------------

The overall average angiogram rate between 2000/2001 and 2008/2009 was significantly lower in the FN population (2.67 vs 3.33 per 1000 population per year; p\<0.0001; [table 3](#T3){ref-type="table"}). Annual angiogram rates were lower in the FN population each year and statistically different in 5 of the 9 years analysed. [Figure 1](#F1){ref-type="fig"} shows no significant temporal trends in angiogram rates in either group.

###### 

Crude rates of index angiograms per 1000 population by FN status (2000/2001--2008/2009)

  Year        FN     Non-FN   P value          
  ----------- ------ -------- --------- ------ ----------
  2000/2001   145    2.61     2735      3.40   0.0019
  2001/2002   171    2.98     2635      3.26   0.2578
  2002/2003   139    2.35     2666      3.28   0.0001
  2003/2004   168    2.77     2759      3.37   0.0133
  2004/2005   142    2.28     1620      3.18   0.0001
  2005/2006   198    3.10     1706      3.27   0.4666
  2006/2007   179    2.73     2562      3.08   0.1207
  2007/2008   152    2.26     2767      3.28   \<0.0001
  2008/2009   205    2.96     2867      3.37   0.0778
  Overall     1499   2.67     24 317    3.28   \<0.0001

FN, First Nations.

![Trends in population-based annual rates of index coronary angiography between 2008/2009 and 2008/2009 by First Nations status.](bmjopen-2017-020856f01){#F1}

Of all index angiograms performed between 2000/2001 and 2008/2009, a higher proportion were related to a hospitalisation for AMI (ie, categorised as urgent) among FN recipients compared with non-FN recipients (28.8% vs 25.0%; p=0.006; [table 4](#T4){ref-type="table"}). Higher proportions among FN recipients were observed for most years studied, although only the rates in 2003/2004 were significantly different (33.9% vs 22.5%; p=0.03). [figure 2](#F2){ref-type="fig"} shows the proportion of urgent angiograms significantly increased from 2000/2001 to 2008/2009 among both FN recipients (slope=1.82% per year; 95% CI 0.73% to 2.91%) and non-FN recipients (slope=2.16% per year; 95% CI 1.63% to 2.69%). Although the increase occurred steadily over time among non-FN population, the pattern among FN population was more variable.

###### 

Proportion of urgent index angiograms by FN status (2000/2001--2008/2009)

  Year        FN    Non-FN   P value          
  ----------- ----- -------- --------- ------ --------
  2000/2001   30    20.7     463       16.9   0.2869
  2001/2002   32    18.7     481       18.3   0.8918
  2002/2003   34    24.5     591       22.2   0.5769
  2003/2004   57    33.9     621       22.5   0.0030
  2004/2005   43    30.3     616       23.5   0.1086
  2005/2006   55    27.8     647       23.9   0.2857
  2006/2007   59    33.0     737       28.8   0.3144
  2007/2008   53    34.9     933       33.7   0.8123
  2008/2009   68    33.2     977       34.1   0.8297
  Overall     431   28.8     6066      25.0   0.0061

FN, First Nations.

![Trends in the proportions of angiograms categorised as urgent (related to an AMI hospitalisation) between 2000/2001 and 2008/2009 by First Nations status.](bmjopen-2017-020856f02){#F2}

Angiography among IHD and CVD-related death cohorts {#s3c}
---------------------------------------------------

The proportion of adult Manitobans with an IHD diagnosis between 2010/2011 and 2014/2015 who had not received an angiogram anytime since 1984/1985 were not significantly different between FN and non-FN groups ([table 5](#T5){ref-type="table"}). However, significant differences were observed with age stratification, where higher proportion of FN patients in the younger age group (52.2% vs 46.9%, p\<0.01) and a lower proportion in the older age group (49.1% vs 51.8%, p\<0.003) had not received an angiogram.

###### 

Proportion of individuals with IHD between 2010/2011--2014/2015 who did not receive an angiogram anytime since 1984/1985

  Age, year   FN     Non-FN        P value                   
  ----------- ------ ------------- --------- --------------- --------
  \<65        2758   1440 (52.2)   20 341    9536 (46.9)     \<0.01
  ≥65         2069   1015 (49.1)   55 093    28 559 (51.8)   \<0.03
  Total       4827   2455 (50.9)   75 434    38 095 (50.5)   \>0.10

FN, FIrst Nations; IHD, ischaemic heart disease.

Among Manitobans who died from CVD, a significantly lower proportion of FN people had not received an angiogram within the 20 years before death compared with non-FN people (82.2% vs 87.5%, p\<0.01; [table 6](#T6){ref-type="table"}). This difference persisted when the groups were stratified by age (\<65 years, 80.3% vs 83.6%, p\<0.01; ≥65 years, 83.7% vs 88.1%, p\<0.01).

###### 

Proportion of cardiovascular-related deaths between 1984/1985 and 2014/2015 where the patient did not received an angiogram anytime within 20 years of death

  Age, year   FN     Non-FN        P value                   
  ----------- ------ ------------- --------- --------------- --------
  \<65        1384   1111 (80.3)   12 682    10 609 (83.6)   \<0.01
  ≥65         1830   1532 (83.7)   89 819    79 088 (88.1)   \<0.01
  Total       3214   2643 (82.2)   102 501   89 697 (87.5)   \<0.01

CV, cardiovascular; FN, First Nations.

Discussion {#s4}
==========

Study findings describe FN and non-FN index angiogram recipient sociodemographic and comorbidity characteristics and reveal between group differences. Lower rates of index angiograms among the FN population were demonstrated, but no temporal trends were observed over time in either group. Among Manitobans who received an index angiogram within 7 days of being hospitalised for an AMI, there was a higher proportion in the FN group compared with the non-FN group, and the proportions of these urgent angiograms significantly increased over time in both groups. Approximately 50% of Manitobans with an IHD diagnosis in 2010/2011 to 2014/2015 had not received an angiogram anytime in the preceding 25--30 years, and there was no significant difference between FN and non-FN groups. Lastly, among Manitobans who died of a CVD, a higher proportion of non-FN people had not received an angiogram in the preceding 20 years. By addressing angiography use from a population level, this study is a first step in approaching CVD disparities among FN people that moves beyond focusing on a specific cardiovascular disease group and/or on individual choices and lifestyle factors.

At the time of index angiography, FN recipients were younger by an average of 7.6 years, less likely to be male, had higher Charlson Comorbidity Index scores and were more likely to reside in rural and lower income areas compared with non-FN recipients. These population rate differences in recipient characteristics are similar to those reported among other Indigenous and non-Indigenous populations at the time of cardiovascular-related hospitalisations.[@R19] While it is concerning that FN recipients were younger and had worse health at the time of their index angiogram, at least they had entered the cardiovascular healthcare system.

Although the annual rates of index angiograms varied slightly for both groups, the FN population consistently demonstrated lower rates than the non-FN population. The trend analysis revealed angiography use in both populations remained unchanged during the study period, with the exception of increased rates among those who had an AMI within the 7 days prior to their angiogram. The proportion of these urgent index angiograms among the FN group was consistently higher than that of the non-FN group, though the difference between the two groups decreased over time. The increasing proportion of urgent angiograms in both groups suggests a practice change away from performing elective angiograms.

While study objectives did not include investigation of factors to explain differences in rates of angiography between FN and non-FN groups, we speculate on two plausible explanations: (1) a lower proportion of FN people who visited a physician for CVD-related symptoms were referred for angiography and/or (2) a lower proportion of FN people experiencing CVD symptoms visited physicians. For the first explanation, there are many clinical and non-clinical factors that influence clinical decisions regarding angiography. First, older age (\>65 years of age) has been associated with a lower likelihood of angiography,[@R39] which can be related to higher level of comorbidities that preclude angiography or revascularisation procedures. Guidelines indicate pre-existing conditions such as renal insufficiency and diabetes may increase the risk of subsequent complications.[@R17] The FN population in Manitoba is younger than the general population but have a higher level of comorbidity, especially diabetes.[@R40] Therefore, pre-existing conditions among FN patients may result in a lower proportion for which angiography is deemed appropriate. Alternately, geographical residence may affect rates of angiograms, as the only facilities preforming angiograms were in Winnipeg, and a higher proportion of the FN population live in rural Manitoba areas. However, previous studies suggest age and sex-adjusted rates of cardiac surgeries are higher for Indigenous people (compared with non-Indigenous) in northern rural areas and lower among those living in urban areas.[@R16] Given that angiography and cardiac surgery are intertwined, the lower overall rates of angiography for FN compared with non-FN residents is unlikely explained by living further from the catheterisation facilities. Finally, physician--patient relationships, related societal biases, along with patient preferences and health beliefs all likely influence whether a patient undergoes angiography.[@R20]

The second possible explanation suggests that the lower rates of angiography among the FN population may be due to a lower proportion of FN people with cardiac symptoms visit physicians for these symptoms. For various reasons, many FN people view the healthcare system as racist and untrustworthy, with poor communication and care continuity, which influences how they access and use health services.[@R45] Such system-level barriers to access may result in FN people postponing cardiac care until an acute event has occurred. This may also be further exacerbated by higher rate of socioeconomic disadvantage experienced among FN populations, as evidence suggests individuals living with SES disadvantage and have IHD symptoms are more likely to prolong seeking healthcare until an AMI.[@R48]

Underpinning these speculative explanations for angiogram rate differences is the historical and persistent impact of colonisation and structural racism embedded in postcolonial institutions such as healthcare.[@R15] Moreover, a substantive base of evidence exists regarding experiences of systemic racism being clearly linked to compromised cardiac outcomes[@R15]; racism has significant negative and measureable impacts on human biophysiological processes and outcomes.[@R55] Furthermore, many social disparities related to income, education, employment and housing exist between FN and non-FN people, which are all rooted in colonial policies and practices.[@R51] Given the inextricable link between health and social indicators, it has been suggested that a nationwide, holistic FN health strategy that addresses the social conditions of FN people is necessary to improve health and healthcare access for the FN population.[@R53]

Finally, the third study objective investigated when angiograms were not performed on individuals with cardiac conditions. During the study time period, among proportion of Manitobans who died of a cardiovascular disease or who had an IHD diagnosis but had not received an angiogram did not confirm the concern raised an Elder. FN people, who died of a cardiovascular death, were actually more likely to have received an angiogram in comparison to non-FN Manitobans. While unanticipated, it is possible there were individuals who died of a cardiovascular disease but their death certificate indicated another cause. Regarding Manitoban's with an IHD diagnosis, FN people under the age of 65 were less likely to receive an angiogram in the previous 25--30 years. This finding raises concerns because more than half of the total FN patients in the IHD cohort were less than 65 years. However, it is important to note that these proportions represent the prevalence of IHD during 2010/2011 to 2014/2015 but are unable to reveal the length of time since IHD diagnosis. Furthermore, it is not known whether there are differences in the amount of non-invasive testing for IHD between the groups. If IHD diagnosis was through that form of testing and a path of medical therapy was chosen, then angiogram might not have been necessary.

Several study limitations are notable. First, only FN people registered under the Indian Act were included in the FN group, which means unregistered FN people were included in the non-FN group. However, 93% of self-reported Manitoba FN people are registered,[@R26] therefore, the misclassification bias was small. Second, the non-FN group included other Indigenous people (ie, Métis and Inuit) who also experience a greater burden of CVD.[@R56] If their angiography rates are similar to the FN group, their inclusion in the non-FN group would lead to an underestimation of the rate difference between FN and non-FN populations. Third, administrative data do not contain information that would allow for an analysis of the appropriateness of angiography. Therefore, it is not known whether angiography was employed more appropriately for one group or the other. The lower rates of angiography in the FN population may be a result of an overuse of the procedure in the non-FN group, which has been reported among African-American and white patients in the USA.[@R57] Lastly, the proportion of FN people in Manitoba's total population is highest among all Canadian provinces, which may affect generalisability of study findings. However, overall health status resulting from deteriorating social conditions and the transition from traditional to modern lifestyles has been experienced similarly by FN populations across Canada and is likely that this also applies specifically to cardiovascular heath.[@R10]

An additional cautionary note, the analysis of crude and unadjusted rates for underlying differences between the populations influences the interpretation of findings. This is to say that although the rates were lower in the FN population, it is not known whether this is due to their ethnicity or some other factor, such as age or the remoteness of the area they live. Still the results from this study provide important background and context for a future study examining the outcomes of all index angiogram recipients in Manitoba.

Conclusion {#s5}
==========

Lower crude angiography rates among Manitoba's FN people compared with the non-FN population were observed, which raises concerns given the higher burden of IHD experienced by the FN population. A variety of factors may be contributing to the lower rates and further research is needed to determine if FN status is associated with index coronary angiogram access. Whether or not a difference truly exists in the rates of index angiograms, the level of angiogram use among both populations in general has gone unchanged, with the exception of elective versus urgent timing of the angiogram. Findings from this study and future studies may inform health programme and planning, as well as strategies and policies aimed at reducing racial disparities in cardiovascular health and healthcare services.
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